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Abstract 
 
Evaluation for the purpose of selection can be a challenging task 
particularly when there is a plethora of choices available. Short-
listing, comparisons and eventual choice(s) can be aided by 
visualisation techniques. In this paper we use Feature Analysis, 
Tabular and Tree Representations and Composite Features Diagrams 
(CFDs) for profiling user requirements and for top-down profiling  
and evaluation of items (methods, tools, techniques, processes and 
so on) under evaluation.  The resulting framework CoFeD enables 
efficient visual comparison and initial short-listing. The second 
phase uses bottom-up quantitative evaluation which aids the 
elimination of the weakest items and hence the effective selection of 
the most appropriate item. The versatility of the framework is 
illustrated by a case study comparison and evaluation of two agile 
methodologies.  The paper concludes with limitations and 
indications of further work. 
Keywords: Visualisation, Composite Features Diagrams (CFD), 
Evaluation, Agile Methods 
1.0  Introduction  
Quality evaluations for the purpose of selection are an everyday occurrence 
informing all decisions spanning the most trivial to the most profound in our 
individual lives, our professional lives and our scientific endeavours. The challenge 
of making the most appropriate selection especially from a plethora of available 
options becomes enormous when the risks of making the wrong choice are 
imminent and when they have the potential of high and even catastrophic impact.   
 
Comparative quality evaluations are often depicted in tabular form which is a 
powerful representation technique [1]. The criteria and features of items under 
evaluation can be simply marked (ticked) as present showing which item offers the 
most features thus helping the evaluator home in on a short-list of plausible 
choices. A simple Present/Absent indication can be enhanced by the inclusion of a 
qualitative description such as a grade (A, B, C...) or an indication of size (Small, 
Medium, Large...) or even a numerical indication on an ordinal scale such as Likert 
Scale [2].  
 
Despite the widespread use of tables the attributes of the items under evaluation are 
presented in a flat group with no attempt to classify them into primary, secondary 
or lower levels thus the tabular representation does not show dependencies 
between attributes, sub-attributes, and so on. This particular deficiency of tabular 
representations can be somewhat addressed by the addition of Venn Diagrams 
which can show inclusion in a higher set, and decomposition to lower level 
attributes. A further representational improvement is offered by tree structures 
which show hierarchical dependencies of gradually decomposed,  high level 
groups of attributes to lower layer sub-attributes.  
 
Despite the strengths of tree representations it is often required to model and 
evaluate more than one tree for the same item under evaluation. For example the 
ISO/IEC 25010 [3] quality model comprises 6 primary features namely Portability, 
Efficiency, Reliability, Functionality, Usability and Maintainability.  Each one of 
these characteristics is subdivided into lower layer features until no more 
decomposition is possible.  
 
Composite features are not directly measurable. Feature Analysis can be used for 
identifying factors of interest and for prioritising them Kitchenham and Jones [4] 
suggested the concept of complex characteristics which need to be gradually 
decomposed into sub-characteristics until simple and directly measurable sub-
characteristics are reached.  
 
2.0 The CoFeD Framework 
2.1 A combination of Techniques  
 
The CoFeD Framework uses a variety of techniques for capturing requirements 
and facilitates refining, customising, measuring, and understanding of the process 
as well as evaluating possible choices and solutions.  These  representation 
techniques are Tabular representation, Tree structures, CFD  and Kiviat Diagrams.  
Figure1 shows the architecture of the CoFeD Framework and the representational 
techniques used at every stage of the evaluation process.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 1 :  The architecture of CoFeD 
  
 
Evaluation for the purpose of selection is based on selection criteria, certain 
imperatives, some highly desirable features, some desirable and some ‘nice to 
have’.  Thus the stakeholder’s   requirements together with the tolerance levels for 
deviations need to be taken into account. CoFeD revolves around the central 
REVIEW process emphasising the need for early detection of problems and 
continuous improvement at all stages.   
 
 
2.2  Composite Feature Diagrams (CFDs) 
 
 
Composite Features Diagrams (CFDs)  provide a visual qualitative comparison of 
candidate items under evaluation.  Using the principles provided by  
 
They are constructed in a top-down fashion starting from the primary features 
which are the high level stakeholder’s requirements. Composite Features 
Diagramming (CFD) was developed, introduced and applied by Georgiadou et al. 
[5] for the evaluation of methods and tools . This is particularly useful when there 
is a large number to choose from. CFDs were subsequently used for the 
development of the GEQUAMO (Generic Quality Model) with emphasis on 
different stakeholders’ main interests/preferences [6].   
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The eventual choice will normally come from a short-list of items that satisfy the 
selection criteria unless other problems are unearthed in the process. The detailed 
algorithm and CFD construction rules can be found in [5, 6].  Items violating one 
or more of the desirable and imperative features are rejected. The genericity and 
versatility of the CFDs  multiple tree structures were developed and demonstrated 
by Georgiadou where the CFD representation depicted the GEQUAMO 
customisable software quality model [6].    
 
2.1.2 Kiviat Diagrams 
 
Kiviat diagrams   sometimes referred to as  radar diagrams visualise multiple (often 
more than 3) dimensions in one combined diagram [7, 8].   All items under 
evaluation are compared to a set of requirements. Absences or violations of 
acceptable limits (threshold values) of features gradually help eliminate items 
enabling the evaluator to short-list all items that have the required features. 
Superimposing Kiviat diagrams give a visual image making the final selection both 
easy and demonstrable.  
 
 
 
3.0 A case study of comparative evaluation 
3.1 Agile Development Methods 
 
Long before the term Agile Methodologies was coined there was considerable 
interest and discourse on iterative,  incremental and evolutionary development as 
reported by Larman and Basili [9]. 
 
 The main features of agile methodologies are the agility and simplicity of process, 
requirements based initially on partial knowledge, functionality delivered in small 
releases, small co-located development teams, pair programming, continuous 
testing, and  on-site customer [10, 11] . 
 
According to Beck and Anders [12] traditional lifecycle models are inadequate and 
should be replaced by incremental design and rapid prototyping using one model 
from concept to code through analysis, design and implementation. Extreme 
Programming (XP) was successful because it emphasises customer participation 
and customer satisfaction. XP empowers developers to confidently respond to 
changing customer requirements even late in the development cycle. XP is one of 
several  ISDMs (Information Systems Development  Methodologies ) such as XP, 
SCRUM, Crystal and EVO. These ISDMs are   known as agile or lightweight to 
denote a breakaway from too many rules and practices Larman [13].  
 
EVO (Evolutionary Development and Project  Management )  “ is particularly 
good at dealing with large, complex, and innovative systems – it does so by 
breaking  down the project into a series of numerous small incremental steps. Each 
EVO step  (or iteration) is both an opportunity to deliver some useful results to the  
stakeholders, and an opportunity to learn more about the system” [11].   
 
EVO is based on ten principles including Decompose by performance results and 
stakeholders,  Focus on improving your most valuable performance objectives 
first, Base your early evolution on existing frameworks and stakeholders, Motivate 
your team by rewarding results, Prioritise changes by value, Note place in queue, 
Learn fast, change fast, adapt to reality fast [10, 11]. When needing to adopt a 
method or tool it is important to evaluate and select the most suitable to specified 
requirements and acceptable levels, strength or tolerance.  
 
 
3.2   Comparison of EVO and XP 
 
Using the evaluation framework suggested by Avison and Fitzgerald   in [10] and 
principles outlined in Kitchenham [4] each of the 7 primary elements/features was 
gradually decomposed into sub-features, and each sub-feature was further 
decomposed into its own sub-features.  For example the Philosophy of a 
methodology can be People Oriented,   Process Oriented, Organisation Oriented.  
Organisation oriented is further decomposed into Soft Systems and Process 
Innovation as shown in Table 1.  
 
 
 Table 1: FEATURE ANALYSIS AND DECOMPOSITION 
1.Philosophy 
1.1 People Oriented  
    
     1.2  Process Oriented  
   
      1.3 Organisation Oriented  1.3.1  Soft Systems  
   
1.3.2 process Oriented  
 
 
2. Model  
  2.1 Verbal 
 
 2.2 Analytic 
 
 2.3 Pictorial 
 
 2.4 Simulation 
 
 
The Table in the Appendix at the end of the paper shows the decomposition of all 7 
primary features into secondary and tertiary level.  
 
 
 
 
However, presenting the features in lists and tables is not as understandable as a 
visual representation such as the tree representation shown in Fig 2.   
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Figure 2   - A tree representation of feature decomposition 
 
 
The decomposition of features to increasingly lower levels continues until all seven 
elements suggested by Avison and Fitzgerald is complete.  In essence 7 tree 
structures are obtained.   
 
 
 
 
 
3.3   Depicting multidimensional information in a single diagram 
 
CFDs were developed as an integrating pictorial representation depicting all the 
features and their decompositions in one single, understandable diagram.  Such 
profile 
 
The primary features shown in the table found in the Appendix  are  depicted in the 
inner circle of Fig.3. The secondary and tertiary features are shown as branches in 
the second and third concentric circles respectively. The resulting CFD shows the 
complete, generic profile of an ISDM.   
 
Fig. 3 is a  Generic CFD showing the primary features and their respective, 
secondary and tertiary decomposition into sub-features and sub-sub-features of an 
ISDM brings together all 7 trees into three concentric circles the innermost circle 
showing the 7  the primary features. It can be seen that each feature may have no 
lower layers or may have 2 or more sub-features and so on.  The genericity and 
versatility of these multiple tree structures were demonstrated in Georgiadou [5] 
where the CFD representation depicted the GEQUAMO customisable software 
quality model [6]. Each node can be decomposed to 0, 2 or more sub-features.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
See Appendix for detailed list and names of all features and sub-features  
 
Figure 3 Generic CFD for ISDMs 
 
 
 
3.4 Visual Comparison  
 
Figure 4 shows how colour can be used to juxtapose two items under evaluation.  
This theoretical example shows that Item 2 has many more features than Item 1 
and it would therefore be the obvious choice between the two.  
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Figure. 4   A Visual Comparison of two items under evaluation 
 
 
 
3.5   Quantification of the strength of features  
 
When required features are absent the choice between two or more items is straight 
forward. However, when the results look very similar quantification is necessary.   
Fig. 5 shows that the two methodologies (EVO and XP) are very similar.  This can 
be addressed by looking not only at the presence of features but also at their 
strength  i.e.  How  well they perform. The table in the Appendix shows the 
expert evaluation results  for the two Methodlogies and the Threshold values (in 
the last column) specified by the user. .  Different stakeholders are likely place 
different importance and acceptance thresholds i.e. minimum required strength of 
the feature [7]’. 
 
It is only necessary to quantify the outer branches of the trees.  The strength of 
each branch (feature) is given on a Likert scale of 0 to 5, where 0 shows absence of 
a feature, 1 shows weak presence/support  and so on, and 5 for extremely strong . 
 
Item 
1 
Item 2 
The table in the Appendix shows the decomposition of all the attributes as well as 
the averages of the expert evaluation. Only the outer branches need to be 
quantified.   
 
Fig. 6  shows the profiles of EVO and XP with the average strengths of each outer 
branch as given by the experts and listed in the Appendix.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 6  Visual Comparison of EVO and XP 
 
 
It can be seen that neither of the two methodologies support simulation but they 
support all  the other features.  Unless the strength of the features is calculated it is 
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not possible to select the most appropriate methodology. This can be established by 
carrying out the numerical evaluation.   
 
3.6   Numerical evaluation, final visual profile and selection 
 
The average value (strength) of all sub-features is propagated to the parent branch 
until the innermost layer (primary features) is reached. Fig. 7 is a Kiviat diagram 
with the evaluation results superimposed. Also the threshold values specified are 
shown. The profiles are very similar but EVO is shown to be the best of the two 
short-listed methodologies.    
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 7  The  profiles of EVO , XP and Threshold values  
 
Fig. 7, a set of superimposed Kiviat diagrams depicts the quantitative evaluation. 
Here the final measures of the innermost circle i.e. the primary features as well as 
the thresholds (minimum acceptable values) are shown. Two agile Information 
Systems Development Methodologies namely EVO [10, 11] and XP [9].  EVO and 
XP were evaluated for the purpose of selection.   These features were also listed in 
the Appendix.  The experts’ opinion on the presence and strength of each feature 
were applied. The minimum requirements were given as Threshold values (also 
shown in the Appendix).  
 
A total of   37 experts 20 from  industry and 17  from academia were asked to 
score each outer level sub-feature using the Likert scale 0, 1,.5 where 0 is absence 
of feature, 1 is present but very poor, 2 is poor, 3 is average, 4 is good and 5 very 
good.  The averages of the experts’ scores are shown in the Appendix.   
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4.0 Conclusion 
 
Visual representation has been used by scientists and non-scientists to present data 
and information in simple and thus understandable formats. The Chinese adage “a 
picture is worth a thousand words” is undisputed and is proved every day with 
statistics, graphs, and other sophisticated formats such as animated and colourful 
information made possible by powerful graphics tools and applications.  
 
Diagrammatic representations, models and pictures form the fundamentals of 
scaffolding. Visualisation and representation can aid comparisons and evaluations 
which in turn aid the selection of appropriate solutions/items even by non-
specialists.  
 
McCandles demonstrated the importance  of such representations in his readable, 
colourful, understandable yet powerful and  encyclopaedic book Information is 
Beautiful   [15].  
 
Kelleher and  Wagener [16] among others proposed ten principles for visualisation 
in scientific publications. In particular they suggest that “when necessary, multi-
dimensional data can be visualised in 2D space by changing colours, shapes, and 
sizes”. 
 
Evaluation for the purpose of selection is carried out by comparing to an 
ideal/desirable list of requirements which the items under evaluation must satisfy.   
A list of desirable features (requirements) is specified and then comparisons and 
qualitative as well as quantitative evaluations were carried out. 
 
In this paper we  proposed  the CoFeD  framework for visualisation, evaluation and 
selection which incorporates several representational techniques.  This framework 
is suitable for comparative quality evaluation. It  has been used in industry and in 
academia for a variety of evaluations including:   
(i) mobile phones, 
(ii) TV sets, 
(iii) applicant selection for jobs/promotions,  
(iv) university courses,  
(v) CASE tools,   
(vi) software development  lifecycles, etc.  
 
CFD is a representation technique for depicting Feature Analysis, gradual 
decomposition of attributes/features from high level (primary) to sub-attributes 
(secondary), sub-sub-attributes (tertiary) etc. This decomposition process produces 
a number of classes in the form of trees which can be represented together in a 
multidimensional diagram of concentric circles showing the gradual decomposition 
of primary features to lower levels.    
 
The case study presented in this paper illustrates the genericity and versatility of 
the CFDs which aid the selection of an appropriate solution, particularly when 
there are a large number of options under evaluation.    
 
Additional work needs to be carried out to replicate various evaluations where 
profiles of the evaluators will be included so that variability due to different levels 
of expertise, years of experience, specialism/job role, and possible biases can be 
controlled and factored out.  
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Appendix (part1)   - Tabular representation 
showing Feature Decomposition with averages of 
scoring as well as threshold values are shown.  
 
 
EVO XP      TH 
1.Philosophy 
1.1 People Oriented 3 3    2 
1.2 Process Oriented 4 3    3 
1.3 Organization 
Oriented 
1.3.1 Soft 
systems 4 3    4 
1.3.2 Process 
innovation 4 3     2 
2. Model 
2.1 Verbal 
 
3 3     3 
2.2 Analytic 
 
4 3     3 
2.3 Pictorial 
 
2 1     2 
2.4 Simulation 
 
0 0     0  
3. Scope 
3.1 Feasibility Study 4 3     3 
3.2 Requirements 
3.2.1 Analysis 4 3     3 
3.2.2 
Specification 4 3     3  
3.3 Design 
3.3.1 Logical 4 3     3 
3.3.2 Physical 4 4    3   
3.3.3 Data 4 3    3  
3.4 Implementation 3 4    4 
3.5 Testing 
3.5.1 Unit 
testing 3 4    4 
3.5.2 
Functional 
testing 4 4    4 
3.5.3 
Integration 
testing 3 3     3 
3.5.4 
Acceptance 
testing 5 4    4 
  
 
 
 
 
 
 
 
 
4. Outputs 
4.1 Feasibility Report 3 2     2 
4.2 Requirements Specification 4 3    2 
4.3 Working Implementation 3 4     4 
4.4 Documentation 3 2    2 
5. Practice 
5.1 Methodology 
Background 
5.1.1 
Commercial 4 3     3 
5.1.2 
Academic 3 2    3 
   
5.2 User Experience 
5.2.1 Beginner 3 2    2 
5.2.2 
Intermediate 4 3     4 
5.2.3 Expert 4 4     4 
5.3 Participants 
5.3.1.End users 4 4      4 
5.3.2 
Developers 4 4     4 
5.3.3 
Management 4 3      4 
6. 
Applicability 
6.1 Multiple Domains 4 4     4 
6.2 Complexity 6.2.1 Low 4 4      4 
6.2.2 High 4 3     4 
6.3 Size 
6.3.1 Small 4 4     4 
6.3.2 Medium 3 3      4 
6.3.3 Large 4 3      4 
7. Techniques 
7.1 Data  3 3      4 
   
7.2 Process  3 3    3 
   
7.3 Object Oriented (classes, sequence 
diags) 4 4    4 
